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pling mechanism between ER Ca 2ϩ stores and plasma To further define the mechanism underlying the enhanced CCE in PS1-deficient neurons, we next examreduced CCE is likely to be an upstream event for the increased generation of A␤42. Given the putative mechined the effect of abrogation of PS1 biological activities on CCE. For this purpose, we established SY5Y cell lines anism of CCE, our studies suggest that the presenilins modulate the coupling between the ER Ca 2ϩ stores and stably expressing PS1 variant containing a TM aspartate mutation that was shown to abrogate the biological acthe plasma membrane. This activity may be critical for the modulation of CCE and the proteolytic processing tivities of PS1 (D257A-PS1) (Figure 2A ). In these cells, the impaired endoproteolytic processing of PS1 resulted of membrane proteins, such as APP.
in the accumulation of full-length PS1 holoprotein (Wolfe et al., 1999), which largely replaced the endogenous Results PS1 C-terminal fragment (Figure 2A) . We also observed an increased accumulation of putative ␥-secretase sub-PS1 Deficiency Enhances CCE Response Given the previously reported link between PS1 FAD strate, the endogenous APP C-terminal fragments (APP-CT83) ( Figure 2B) Figure 2E ). These data reveal that mutating the TM aspartate residues, both of which have been in PS1 Ϫ/Ϫ neurons was verified by Western blot analyses ( Figure 1A ). To induce CCE artificially, cells were shown to abolish the biological activities of PS1, dramat- Figure 3D ). In both PS1 FAD mutant (Figure 2A) Figure 3C ). To verify that this attenuation of the CCE exposures ( Figure 3D ). As expected, transgene-derived response was not simply due to the elevated levels of PS2-CTF "replaced" endogenous PS1-CTF ( Figure 3D ) PS protein in our cell lines, we also measured CCE in N141I-PS2 as compared to either wild-type PS2 or veccoding either wild-type or N141I FAD mutant forms of PS2. As a source for these primary neuronal cultures, tor alone ( Figure 3E ). Multiple experiments were averaged to determine the mean peak amplitudes of CCE.
we generated transgenic mice expressing wild-type or N141I FAD mutant forms of human PS2 under the tranIn the N141I-PS2 cells, CCE was reduced by ‫%5. To assess the expression of human PS2 protein in these transgenic animals, brain extracts of heterozy-PS2 FAD Mutation Attenuates CCE in Neurons from Transgenic Mice gote animals expressing wild-type or N141I PS2 along with nontransgenic littermates were analyzed by comWe next studied whether FAD mutant presenilin-mediated downregulation of CCE also occurs in neurons.
bined immunoprecipitation-Western blot analyses using ␣P-S2Loop ( Figure 4A ). Elevated levels of PS2-CTF were For this purpose, we utilized cultured primary neurons derived from transgenic mice harboring constructs enobserved in groups of transgenic mice expressing hu- However, nifedipine and -conotoxin GVIA, which inhibit L-and N-type Ca 2ϩ channels, respectively, had virtually imaging experiments (n ϭ ‫.)05ف‬ CCE was dramatically suppressed in N141I-PS2 neurons as compared to wildno effect on Ca 2ϩ influx ( Figures 5B and 5C) . Thus, the alterations in [Ca 2ϩ ] i were likely CCE specific. In addition, type PS2 neurons ( Figure 4C ). Three independent Ca 2ϩ imaging experiments were performed to determine the CCE reduction in M146L cells was unaffected by the presence of nifedipine and -conotoxin GVIA (data mean peak amplitudes, indicating a ‫%05ف‬ reduction of CCE in N141I-PS2 neurons as compared to wild-type not shown), suggesting that the mechanism underlying reduced CCE in mutant cells is independent of these PS2 neurons ( Figure 4D) . Similar to what was observed in SY5Y cells, the amplitudes of CCE in neurons of wildtypes of voltage-operated Ca 2ϩ channels. To ensure that (Figures 6A and 6B ). Similar data CytoD had essentially no effect on Ca 2ϩ influx in either wild-type PS1 or M146L-PS1 cells and had no effect on have been obtained using stable M146L-PS1 SY5Y cell lines (data not shown). The average current density was the reduced CCE phenotype seen in M146L-PS1 cells ( Figure 5D ). Similar results were found using N141I-PS2 significantly reduced in M146L-PS1 CHO cells as compared to wild-type cells ( Figure 6C ). Under our expericells (data not shown). FAD-associated presenilin mutations may therefore affect CCE directly and independent mental conditions, pretreatment of cells with SKF96365 of the Ca 2ϩ mobilization pathways that require an intact virtually eliminated I CRAC in wild-type PS1 CHO cells (Figcytoskeleton. ure 6C), indicating that I CRAC is sensitive to pretreating cells with SKF96365. A novel arachidonate-regulated current (I ARC ) has been Impaired I CRAC in M146L-PS1 Cells reported, and channel properties of I ARC appeared to be Functional activities of putative plasma membrane CCE similar to that of I CRAC (Shuttleworth, 1996 tion. Arachidonic acid-induced currents followed by ( Figures 7A and 7B ). In contrast, nifedipine and -conotoxin GVIA had no significant effect on A␤42 generation I CRAC were preserved in both wild-type and M146L-PS1 cells ( Figure 6D ). This indicates that presenilin FAD spe-( Figures 7A and 7B ). This A␤42-promoting effect of SKF96365 was dose dependent ( Figure 7C ) and incifically affects the store-dependent current I CRAC but not store-independent currents such as I ARC .
versely correlated with relative magnitudes of CCE (Figure 7D ). Under these conditions, SKF96365 treatment did not alter secreted APP-␣ levels or cell viability in A CCE Inhibitor, SKF96365, Elevates A␤42 Levels To gain insight into the molecular link between the PS these cultures (data not shown). Thus, inhibition of the cellular pathways involving CCE specifically increases FAD-driven changes in the CCE response and alterations in A␤42 production, we first examined the effect A␤42, which is a molecular phenotype linked to FAD mutant presenilins. of the CCE antagonist SKF96365 on A␤ production using a sensitive A␤-specific sandwich ELISA ( 
